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1. Introduction
In last RAN4 meeting, the beam correspondence test methodology has been discussed and just agreed [1] as below

· Agreement: The requirements for beam correspondence should consider the transmit and receive direction of signals. 

In this paper, we show our view how to define the simple test methodology for beam correspondence requirements at mmWave. 
2. Simple test method for beam correspondence
RAN1 and RAN4 discussed the description of beam correspondence and reciprocity between Tx beam direction and Rx beam directions. However, RAN4 just started discussion for beam correspondence RF requirements from RAN4 #85 meeting. If beam reciprocity are guaranteed by this RF requirements, then RAN4 can be replace the test of EIS receiver requirements for spherical coverage by the EIRP requirements for spherical coverage.
Because UE guarantee the Tx beam pattern is almost similar or same with Rx beam pattern as beam correspondence requirements. Actually, the beam correspondence could not guarantee when different antenna type and antenna patch are used for each transmission or Reception. So it is not meaningful to consider all spherical beam direction.

Therefore, RAN4 can define simple test methodology for this test requirements as below proposal. 

Proposal 1. The requirements for beam correspondence should consider the difference between peak EIRP direction and peak EIS direction in some directions. 

Figure 1 shows the OTA 3D chamber configuration for beam correspondence requirements. Belief test methodologies are listed as below.
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Figure 1. OTA test chamber for beam correspondence
2.1 Proposed test methodology
The requirement defined based on Proposal 1 and test tolerance [1] could be tested with the following procedure:

1. UE find best EIS beam direction such as detail azimuth and elevation position ((, ().
2. Test tolerance is calculated based on UE antenna pattern in Table 2 (in TR38.803 v15.0.0) equation as below
 E.g.) if tolerance is defined 2dB loss bandwidth of antenna pattern with 1x1 antenna configuration, then the allowed peak EIRP range is defined as (( ( 36(, (( 36()
3. UE configure to UL signals and TE measures the UL EIRP test on allowed test tolerance range at multiple measured Ant. including best beam direction.

4. Decide pass or fail based on finding best EIRP beam direction and EIS beam direction.
The tolerance will be calculated as based on Table 2.
Table 2: Basic UE antenna element pattern
	Parameter
	Values

	Antenna element vertical radiation pattern (dB)
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	Antenna element horizontal radiation pattern (dB)
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	Combining method for 3D antenna element pattern (dB)
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If UE has 1x1 antenna type at mmWave, then 2dB loss tolerance means 
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 In here, 
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 as shown in (a) in Figure 2. And 2x2 Tx configuration, the angle tolerance is 
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. The tolerance will be finalized based on RAN4 agreements
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(a)  1 Tx for each element                                                       (b) 2 Tx for each element
Figure 2. UE antenna pattern and allowed test ranges within red color
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Figure 3. Basic beam correspondence test with multiple measurement antennas 
As shown in Figure 3, the maximum T-put will be measured in 9 Rx antennas. The antenna spacing will be decided based on allowed angle tolerance. Therefore only compare the maximum EIRP levels in among measurement antennas. Then we can find the best EIRP beam direction. 

If the Tx/Rx beam are same, the beam correspondence for UE are established, but the maximum T-put is observed in other direction, then the UE’s beam correspondence test was failed.
For different NR UE antenna configuration, the half power bandwidth and allowed test tolerance will be changed as shown in Table 3.

Table 3. Half power bandwidth according to number of Tx Antenna
	ANT number(N, M)
	1
	2
	3
	4

	Vertical Half Power BW (90/N)
	90
	45
	22.5
	11.3

	Horizontal Half Power BW (90/M)
	90
	45
	22.5
	11.3

	Allowed angle from best beam direction (Vertical)
	(36(
	(18(
	(9(
	(4(

	Allowed angle from best beam direction
(Horizontal)
	(36(
	(18(
	(9(
	(4(

	Note1: Criterion should be decide the max number of Ant. between vertical and horizontal of each element.
Note 2: Black box approach will be used, so basic reference Ant. Configuration for beam correspondence is 2x2 Ant. configuration. If RAN4 agree white box approach, then UE vendor can provide the antenna configuration information.


Based on this test methodology, we propose as below 
Proposal 2. The proposed test methodologies in section 2.1 are used for UE beam correspondence requirements. The allowed angle tolerance will be decide based on RAN4 consensus by measurement results
Proposal 3. Define the beam correspondence requirement according to antenna configuration. However, 2x2 antenna configuration is baseline to specify the beam correspondence requirements.
3. Conclusion
In this paper we explained the test methodology of the beam correspondence requirements. The angle tolerance will be decided based on number of Tx antenna. And if the test EIS beam is same EIRP beam direction, then we can say the UE guaranteed beam correspondence. Based on our analysis we made the following proposals:
Proposal 1. The requirements for beam correspondence should consider the difference between peak EIRP direction and peak EIS direction with locked/fixed beam direction of signals. 

Proposal 2. The proposed test methodologies in section 2.1 are used for UE beam correspondence requirements. The allowed angle tolerance will be decide based on RAN4 consensus by measurement results
Proposal 3. Define the beam correspondence requirement according to antenna configuration. However, 2x2 antenna configuration is baseline to specify the beam correspondence requirements.
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